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Abstract 
Developing and microstructure of lead-free Sn-Cu solders containing 3, 5 and 10 wt. % of copper in bulk 
as well as in ribbon form is presented. Wetting of copper substrate by these solders at the temperatures 300, 350 
and 400°C in air (partially in N2+10H2) during 1800 s was studied by sessile drop method. Joints Cu – solder – 
Cu were prepared at 300°C and 1800 s in air as well as in gas mix and their shear strength was measured. The 
microstructure was studied by light and scanning electron microscopy (SEM) equipped with energy dispersive X-
ray  analyzer  and  standard  X-ray  diffraction  machine.  Wetting  angle  decreases  with  increasing  wetting 
temperature. Wetting angle increased for higher (10 wt. %) amount  of copper in solder. Shear strength of the 
joints decreases with increasing the copper concentration in solder. 
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1. Introduction 
Most of lead-free solders are based on tin. As an 
example one can point two eutectic systems, Sn-Ag and 
Sn-Zn. These are basic alloys that provide a melting 
temperature range similar to that of the Sn-Pb eutectic 
at  183°C.  Melting  temperature  of  Sn-3.5Ag  alloy 
(221°C) is higher than that of eutectic Sn-37Pb and the 
wetting property is worse. To improve these properties 
additional elements such as Cu, In, Bi and Zn are added 
[1]. The best-known solder of this kind is Sn-Ag-Cu 
(SAC) alloy with the composition close to the eutectic. 
Many researchers were interested in the development 
of the solder which would be from the Sn-37Pb solder 
properties point of view as close as possible. In 2002-
2007  COST  (European  Cooperation  in  the  field  of 
Scientific and Technical research) 531 Lead-free solder 
materials was created by European Union. The obtained 
results were summarized into two books [2,3]. One is 
presenting  the  results  concerning  the  calculation  of 
phase equilibria of many binary and ternary lead-free 
phase  diagrams,  the  other  resumes  knowledge  of 
properties  of  lead-free  SAC  (SnAgCu)  solders  and 
joints.  Some  of  the  authors  studied  the  influence  of 
indium  in  SAC  solders  on  the  wetting  of  copper 
substrate and on the shear strength of the joints made of 
these solders [4,5].  
Sn-Cu  alloy  is  one  of  the  possible  bases  for 
development of so called high temperature lead-free 
alloys  with  the  working  temperature  around 
250 - 280° C  (e. g.  the  melting  point  of 
SnSb10.6Cu3.4  alloy  is  ~  275°C).  The  aim  of  this 
contribution is to know the properties of Sn-Cu based 
alloys  as  the  ground  for  development  of  high 
temperature lead-free solders.  
 
2.  Experimental 
Three lead-free solders Sn-Cu containing 3; 5 and 
10  wt. %  of  copper  were  prepared  in  the  Institute  of 
Physics of the Slovak Academy of Sciences in Bratislava 
by  melting  appropriate  amount  of  Sn  (99.99)  and  Cu 
(99.99).  Melting  was  done  in  induction  furnace  under 
argon atmosphere. Part of each alloy was produced in the 
bulk  form  and  other  part  was    prepared  by  rapid 
quenching in the form of ribbon 5 mm wide and 0.05 mm 
thick.  Solders  in  bulk  form  were  used  for  wetting 
experiments  and  solders  in  ribbon  form  were  used  for 
preparing of the joints and for the study of microstructure 
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of the as prepared alloys. 
Microstructure  of  the  as  prepared  solders  was 
studied by scanning electron microscopy (SEM) equipped 
with  enegy  dispersive  X-ray  analyser  (EDX). 
Microstructure  of as prepared solders was further studied 
by X-ray diffraction. 
 
Tab. 1 
Concentration of relevant elements in at. %. in the 
points shown on Fig.1 
Point  Cu  Sn  Estimated phase 
A1  54.6  45.4  Cu6Sn5 
A2  57.0  43.0  Cu6Sn5 
A3  47.2  52.8  Cu6Sn5 + Sn 
A4  57.6  42.4  Cu6Sn5 
A5  0  100  Sn 
A6  54.7  45.3  Cu6Sn5 
 
Fig. 1. Microstructure of as prepared Sn-Cu solders 
containg 10 wt.% of copper 
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Fig. 2. Details of X-ray diffraction profile around the 
Bragg angle 2Q = 30.5 and  2Q = 43.5° showing two 
phases: Cu6Sn5 (1) and Sn (2) 
Fig. 3. Time dependence of wetting angle of copper 
substrate by Sn-3Cu (a), Sn-5Cu (b) and Sn-10Cu 
(c) solders, respectively 
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Copper substrate of the diameter 15 mm and 1.5 
mm thick were prior to experiment mechanically polished 
and etched in 10 % sulphuric acid in metanol and washed 
in alcohol. Solder in cube form with the edge length about 
4 mm were mechanicaly grinded, washed in alcohol and 
both parts (substrate and solder) were prior to inserting 
them  into  the  furnace  daubed  by  rosin  moderately 
activated flux. Wetting of  Cu substrate by solders with 
3 and  5 %  Cu  was  performed    in  air  at  300,  350  and 
400 °C. Wetting of Cu substrate by solder with 10 % of 
Cu  substrate  was  studied  in  inert  (N2 + 10 % H2) 
atmosphere  at  the  temperatures  300,  350  and  450 °C.  
Drops were photographed by digital camera for 1800 s.  
Wetting angle was measured by personal computer.  
Specimens after solidification of the drop were cut 
perpendicularly  to  the  substrate  plane.  Section  was 
metallographically prepared and the microstructure of the 
solder and the interface between the substrate and solder 
were studied by light and electron microscopy equipped 
with  energy  dispersive  X-ray  analyzer  (EDAX). 
Evaluation of phase analysis at the interface between the 
substrate and solder after 1800 s of wetting at 300 °C is 
not finished yet.  
  Copper specimens for joining were circular 
(diameter  15 mm,  thickness  1.5 mm)  and  square 
forms  (edge  length  15 mm,  thickness  the  same). 
Copper  plates  prior  joining  were  treated  by  similar 
way as for wetting. Joints were formed by placing the 
solder in ribbon form between the copper plates which 
were daubed by the flux and inserted into the holder 
and  maintaining  in  the  furnace  for  1800  s  at  the 
temperature  300  °C.  Joints  were  prepared  in  air 
atmosphere as well as in the mix of N2 and 10 % H2. 
For each set of joints four specimens were prepared. 
Three were used for shear strength measurement by 
Zwick  testing  machine  using  push-off  method,  one 
was used for microstructure study.  
 
3. Results and discussion  
Fig. 1 shows SEM  microstructure of as prepared 
solders  Sn-Cu  containing  10  wt. %  copper.  X-ray 
diffraction from these structures is shown in Fig. 2. From 
the difraction profiles as well as from Table 1 one can 
see that the studied alloys contain only tin and  Cu6Sn5  
phases; details of X-ray profiles of all three solders show 
increasing  amount  of  Cu6Sn5  phases  with  increasing 
amount of copper in the solder. Figs. 3 a, b, c show the 
time dependence of wetting angle of copper substrate up 
to 1800 s at wetting temperatures 300, 350 and 400, even 
450 °C  by  Sn-3Cu  (a),  Sn-5Cu  (b)  and  Sn-10  Cu  (c) 
solders,  respectively.Wetting  angles  for  3  and  5 % 
copper in solder are practically the same. Because  solder 
with 10 % Cu oxidized in air atmophere (strong layer of 
copper  oxide  formed  hindering  thus  the  melting)  the 
wetting was done in the gas mix N2+10 % H2.  Even in 
this  gas  atmosphere  and  even  at  higher  temperature 
(450 °C) the wetting became worse (Fig. 3c). 
Fig. 4. Shear strength of Cu –  Cu joints  with Sn-Cu 
solders containing 3; 5 and 10 wt.% Cu prepared in 
air (a) and N2-10H2 gas mixture atmosphere (b) 
 
 
Fig. 5. Microstructure of the Cu  –  Cu  joint with  
Sn-5Cu solder.  
 
Fig. 4 shows the shear strength of the Cu – Sn-Cu 
solder – Cu joints made with the solders containing 3; 5 
and 10 wt. % of Cu in air atmosphere (a) as well as in 
N2+10H2 atmosphere (b) at the temperature 300°C and 
the time 1800 s.  From the graph one can see that the 
strength of the joints decreases with increasing of copper 
in  the  solder  independently  on  atmosphere.  Shear 
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strength of the joints made with 3 and 5 % of copper in 
solder  is  practically  the  same.  For  higher  copper 
concentration (10 %) the strength of the joints prepared 
in gas atmosphere is higher than that prepared in the air. 
In this case the gas mixture aids in lowering of oxidation 
in the furnace.  
As it was shown by Sebo et al. [5, 6], however, 
the shear strength of the Cu – Cu joints formed with Sn 
based solders depends on the amount of Cu6Sn5 layer 
arising  at  the  interface  between  the  Cu  substrate  and 
solder. Fig. 5 shows the section of the Cu – Cu joint  
prepared by Sn – 5 Cu solder at 300°C after 1800 s. 
Relative amount of Cu6Sn5  phase at the interface will be 
measured for all joints made with solders containing all 
three copper concentrations.  
 
4. Conclusions 
Development of Sn-Cu lead-free solders and 
their  microstructures  were  studied.  Wetting  angle  of 
copper substrate as well as shear strength of copper – 
copper joints prepared by these solders were measured. 
The obtained results can be summarize as follows: 
 
1. Microstructure of the as prepared solders contain tin 
and  Cu6Sn5  phases. 
2. Amount of  Cu6Sn5  phase arises with increasing of 
copper amount in the solder 
3. Wetting angle of copper decreses with increasing the 
temperature of wetting. 
4. Wetting angle in air atmosphere for 3 and 5 wt. % 
Cu in solder is practically the same. 
5. Wetting  angle  for  highest  (10 wt. %)  Cu 
concentration in solder increased  even in gas mix 
N2+10H2 which may be connected with the copper 
oxidation. 
6. Shear  strength  of  the  joints  decreases  with 
increasing amount of copper in the solder 
7. Following  until  now  obtained  results  one  can 
presume  that  the  shear  strength  of  the  joints  will 
depend on the amount of Cu6Sn5 phase localized at 
the interface between the substrate and the solder. 
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